The effects of primary and secondary polycythemia on circulatory and ventilatory events have been the center of much investigation. There has, however, been sharp disagreement about the clinical merit of phlebotomy in cases of secondary polycythemia. Howarth, et al.' and Lewis, et al.,' among others, have concluded, although for somewhat different reasons, that therapeutic phlebotomy is detrimental in patients with polycythemia and lung disease. Cournand,3 on the other hand, has stated that polycythemia is responsible for some of the pulmonary hypertension and phlebotomy constitutes an important aspect of treatment.
In attempting to explain the physiological effects of disease states such as polycythemia vera or secondary erythrocytosis, it would be of considerable value to know the response of normal subjects to an increase in hematocrit without associated changes of blood volume or pulmonary disease. With this objective in mind several cardiorespiratory parameters have been monitored in dogs rendered acutely polycythemic but whose blood volumes remained normal.
METHODS
Fourteen mongrel dogs weighing between 13.5 and 18.3 kilograms were studied. Each animal was anesthetized with 25 mg./kg. of pentobarbital and immediately connected via a tracheostomy to a Palmer respiratory pump. The minute ventilation was regulated according to each dog's weight, but remained constant throughout a complete experiment. Catheters were inserted into the right atrium and abdominal aorta through the femoral vein and artery, respectively.
The diffusing capacity (DLCO) was measured by giving each dog a mixture of carbon monoxide in air to breath and collecting a three-minute expiratory air sample. Simultaneously, the indicator dilution curve cardiac output was determined and a sample of arterial blood obtained and analyzed for hematocrit, pH, CO2 content, 02 saturation and content. From these data the alveolar ventilation (VA), dead space volume (VD) and alveolar-arterial (A-a) oxygen gradient were computed. Immediately after collecting the expiratory air sample, an Evans Blue blood volume determination was done on four of the dogs.
A modification of the method described by Filley, et al.' was used to measure the diffusing capacity, and the expiratory carbon monoxide content was analyzed on an infra-red carbon monoxide analyzer which could be read to + 0.005 per cent. The total three minute expiratory volume corrected to STPD (standard temperature, pressure, dry) was recorded and the carbon dioxide and oxygen content determined on a Scholander gas analyzer.
All arterial blood samples were collected anaerobically in heparinized syringes. After completion of the control run, each dog underwent an exchange transfusion with packed red blood cells which were less than twenty-four hours old. The red cells were obtained on the day prior to an experiment by bleeding a different dog into plastic containers with ACD solution. It is noteworthy that any two dogs chosen at random may be used as donor and recipient because the isoantibodies present are very weak and in low titer.9 The blood was centrifuged at 2,000 rpm at 5' C. for forty minutes, the plasma removed, and the red cells refrigerated overnight. The exchange was carried out through the arterial catheter in 100 ml. aliquots of packed red cells-with ten minutes allowed between transfusions to provide for adequate mixing. The volume of blood exchanged varied from 420 ml. to 850 ml. depending on the size of the animal.
One hour after termination of the exchange transfusion, another experimental run was undertaken to evaluate the dog's response to the polycythemic state. Again diffusing capacity, hematocrit, 02 saturation, A-a 02 gradient, cardiac output, alveolar ventilation, physiological dead space and blood volume were determined.*
The experimental results are tabulated in Tables 1 and 2 . Blood volume. Four dogs had blood volume determinations done before and after the polycythemic state. The mean total blood volumes before and after exchange transfusion were 79.9 ml./kg. and 76.7 ml./kg. respectively, and are in accord with the results of others.' The degree of change varied from an increase of 0.3 ml./kg. to a decrease of 8.1 ml./kg. with a mean decrease of 3.2 ml./kg. Considering the magnitude of the total blood volumes, a mean decrease of 3.2 ml./kg. would not be expected to alter significantly the dog's hemodynamics. Thus the objective of maintaining an essentially constant blood volume was achieved. A-a 02 gradients of 20 mm.Hg or less were considered to be within the normal range for dogs in the supine position. Of the four dogs which fulfilled this requirement, two demonstrated a decrease in A-a 02 gradient while in the remaining two no change was observed. Thus, the A-a 02 gradient was prone to decrease and in no instance was an increase observed.
Arterial oxygen saturation. Of seven animals studied with regard to arterial oxygen saturation only one displayed any significant decrease. Otherwise, there was a tendency for the oxygen saturation to increase or remain constant. The mean arterial saturation showed only a slight rise from 93.2 per cent to 94.6 per cent.
Diffusing capacity. In most of the dogs studied difficulty was encountered in obtaining realistic values for diffusing capacity because the calculated alveolar partial pressure of carbon monoxide (PACO) proved to be a negative value. Forster has pointed out that PACO will become very sensitive to small differences in the data when FACO2/FecO2* is large and/or Fico-Feco** is large.' The former occurs when the total expiratory * FAco2/Feco2 represents the fractional alveolar concentration of carbon dioxide divided by the fractional expiratory concentration of carbon dioxide. ** Fico-Feco represents the fractional inspiratory concentration of carbon monoxide minus the fractional expiratory concentration of carbon monoxide. volume is small or when an uneven ventilation/blood flow ratio is present in the lungs, and the latter when the minute ventilation is low and the DLCO is large. Table 2 includes the diffusing capacities for all experiments where the values were 45 ml./min./mm.Hg or less. Any value over 45 in the control state was assumed to be in error since this diffusing capacity is achieved only during periods of hyperventilation.' In three dogs the diffusing capacity decreased approximately 50 per cent in each although in one an increase was observed. However, the single rise was in the order of 400 per cent and probably reflects a technical error. The mean diffusing capacity for all control and polycythemic animals was 11.5 and 8.3 ml./min./mm.Hg, respectively and it is felt that the over-all decrease in diffusing capacity was due to the normovolemic polycythemic state.
DISCUSSION AND CONCLUSION
Fourteen mongrel dogs in which normovolemic polycythemia was induced by exchange transfusion with packed red blood cells were studied with regard to diffusing capacity, cardiac output, A-a 02 gradient and alveolar ventilation. In no single experiment were all parameters measured, and the number of studies concerning any one function do not permit formal statistical treatment. Some trends were evident, however, and from these several generalizations may be made. The average hematocrit rose from 40.3 to 59.3 per cent while the total blood volume remained essentially normal. The cardiac output responded by declining approximately 50 per cent. This is attributed to the increase in viscosity caused by a rise in hematocrit, since the blood volume did not show a corresponding change.
It is difficult to ascribe the decrease in diffusing capacity to any acute change in the characteristics of the lung tissues. Conditions such as capillary fibrosis, sclerosis or interstitial fibrosis certainly seem implausible; and there is no reason to suspect any significant intraalveolar or interstitial edema in the face of a normal or decreased capillary volume. Since the rise in the concentration of red cells per unit volume of blood (0) could, in itself, only favor a higher diffusing capacity, the decrease in DLCO must be attributed to a change in the relationship of functioning alveoli to functioning capillary volume. This is best explained on the basis of a lowered cardiac output leading to a decrease in pulmonary capillary blood volume. It is essential to appreciate that the decrease in pulmonary red blood cell flow in itself is not an important factor in reducing the DLCO, as such would hold true only in the presence of a gas capable of saturating the pulmonary blood in 0.75 seconds or less, the time required for the blood to pass through the pulmonary capillaries.14 The tendency toward a decrease in the alveolar ventilation and a lowering of the A-a gradient can also be attributed to the reduced cardiac output. A decreased blood flow would cause fewer alveoli to be perfused and thus would be responsible for the decrease in alveolar ventilation since by definition alveolar ventilation applies only to perfused alveoli. Also a reduction in shunted blood during decreased cardiac output may diminish venous admixture, thus reducing the A-a 02 gradient. ' From these studies one can say, therefore, that the significant effect of normovolemic polycythemia is a decreased cardiac output which adversely influences pulmonary diffusion and alveolar ventilation.
Although these studies do not resolve the present clinical problem of treating polycythemia, they do provide some conclusions about the high hematocrit per se which should ultimately contribute to clinical understanding.
SUMMARY
Studies of diffusing capacity, cardiac output, alveolar ventilation, and A-a oxygen gradient on normovolemic polycythemic dogs are reported. These functions all tended to decrease after normovolemic polycythemia was produced. A lowered pulmonary capillary blood volume and flow subsequent to the decrease in cardiac output are proposed as explanations for the observed decreases in diffusing capacity, alveolar ventilation, and A-a oxygen gradient.
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